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An enzymically catalyzed incorporation of amines into proteins*
In experiments reported some years ago the enzyme-catalyzed exchange of the amide group of
glutamine and asparagine with 15N ammonia was demonstrated but an exchange of the amide
groups of protein bound dicarboxylic amino acids could not be explored owing to the unfavorable
experimental conditions1 . Recently the problem of the metabolism of protein-amide groups was
approached again with the aid of 14C-labeled amines, such as ethanolamine or cadaverine. Soluble
protein fractions obtained from sucrose homogenates (o.2sM) of the livers of guinea pigs, rats,
mice, and rabbits by centrifugation at roo,ooo X g were incubated in the presence of Ca++ with
the 14C-labeled amines. Appreciable radioactivity was recovered in the proteins precipitated and
purified by the method of SIEKEVITZ2 (Table I). The incorporating system was activated by Ca++
but not by Mn++- and Mg++ or other metal ions-a fact which makes it unlikely that we are
dealing with the enzyme system responsible for glutamo or asparto-transferase activities.
TABLE I
INCORPORATION OF 14C-AMINES AND LYSINE INTO SOLUBLE PROTEIN FRACTIONS
OF GUINEA PIG LIVER
Counts/min at infinite thickness
{I)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

14C-Amines added
Protein fraction
No Ca++
With Ca++
(4) +spermine (4 ,umoles)
(4) +hydroxylamine (4 ,umoles)
(4) + putrescine (4 ,umoles)
(4) + (NH 4)+ (8 ,umoles)

Ethanolamine
pp
SP
22
530
sooo
480
2420
300
I20
40
3060
270
300
3900

Cadaverine
pp
SP
460
2S
690
7270
3IOO
360
IOO
30
300
39SO
sooo
340

Lysine
pp
SP
23
420
sooo
470
2SOO
330
8o
so
290
3260
330
4700

The incubation mixture {I ml) contained 4 ,umoles 14C-amine or 14C-lysine; 20 ,umoles CaC1 2 ;
20 ,umoles tris(hydroxymethyl)aminomethane, pH 8.o and Io-I2 mg soluble protein (SP) or about
I mg purified protein (PP). Incubation I h at 37°. Incubation was terminated by addition of
trichloroacetic acid. Added 14C-lysine and 14C-cadaverine counted 29o,ooo and 34o,ooo counts/min
at infinite thickness, respectively. 14C-Ethanolamine counted approximately 24o,ooo counts/min.
All protein samples were counted at infinite thickness {II mg). For counting of experiments
with PP, Io-II mg inert protein was added at the termination of incubation.

BoRSOOK et al. 3 and ScHWEEr4 have described an enzymically catalyzed incorporation of
14C-lysine into a soluble liver protein fraction. This incorporating system is likewise activated
by Ca++ and may be identical with the enzyme system active in the incorporation of amines.
Under the conditions of our experiments the soluble liver protein fraction incorporated
14C-lysine as well as 14C-ethanolamine and 14C-cadaverine. The experiments were carried out in
tris buffer since phosphate buffer proved to be a strong inhibitor of the incorporation of amines.
The pH optimum for the incorporation of the amino acid was found to be 6.6 while that for
incorporation of the amines was 8.o to B.s. The soluble protein fractions of liver, kidney, and
brain of guinea pigs show enzymic activity in incorporating cadaverine in decreasing order. The
active protein fraction from guinea pig liver was purified about Io-I2 times by ammonium sulfate
fractionation and adsorption on calcium phosphate gel and isoelectric precipitation. The purified
protein fraction incorporated 14C-cadaverine to an extent of I to 2% of the total protein. While
nothing definite can be said at present as to the linkage of 14C-cadaverine to the protein, a major
portion of the 14C-cadaverine was recovered as mono-dinitrophenyl-cadaverine after hydrolysis
of the protein treated with dinitrofiuorobenzene.
Inhibition of cadaverine incorporation by other amines (Table I) suggests competition by
a variety of amines for the active sites of the protein. Mescaline (4~tmoles) was not inhibitory, a
finding of some interest, since it has been reported that it is incorporated into liver proteins6 •
The occurrence of enzyme systems incorporating biologically occurring amines (and diamino
acids) raises the interesting question as to whether or not the enzyme specificity is restricted
to aliphatic amines. The findings also open the way to a test whether or not this enzymic reaction,
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if occurring in vivo, could produce modified body proteins which might interfere with enzymic
activities or cell permeability, or might possess antigenic properties.
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